[1] We present a rigorous theoretical framework that allows one to assess the range of applicability of the spatial autocorrelation (SPAC) method, a technique of microtremor exploration that is widely used to infer phase velocities of Rayleigh waves using vertical-motion records from a circular array of seismic sensors. The magnitude of systematic errors (biases) that depend on the number of seismic sensors deployed around the circle, and the magnitude of systematic errors that arise from the presence of incoherent noise, are both evaluated analytically, and their general properties are discussed. The relationship between the magnitude of stochastic errors, inherent in the analysis results, and the duration of measurement (or to put it more accurately, the data's degree of freedom) is also elucidated. The validity of our theory is corroborated by checks against the results of both real data analysis and numerical experiments, and an example is given of how the theory can be adapted to account for practical situations encountered in the field. Discussions on the range of applicability of the SPAC method, which have heretofore often fallen back on empirical observations, have now obtained a theoretical ground on which to stand, providing a basis for strategies to make maximal use of the SPAC method's capabilities.
Introduction
[2] Microtremor exploration is a generic term for techniques that make use of microtremor (ambient vibration) seismograms to identify properties of surface waves, and thereby to infer subsurface soil structures. The simplest method, based on the use of the horizontal-to-vertical amplitude ratio of microtremors measured with a single seismic sensor [e.g., Nakamura, 1989; Konno and Ohmachi, 1998 ], is most typically used in site effect studies, but also has applications in subsurface exploration [e.g., Arai and Tokimatsu, 2004] . However, to complement the relatively limited resolution of the single-station method for this purpose, it is quite common to use it in tandem with array methods, which produce phase velocity estimates [e.g., Arai and Tokimatsu, 2005; Parolai et al., 2005; García-Jerez et al., 2007; Picozzi and Albarello, 2007] . The demand for designs of seismic arrays easily deployable in the field has led to considerable efforts, devoted so far, to setting up standards for efficient array design and working out new algorithms to achieve maximal resolution with arrays of simple configuration [e.g., Capon, 1969; Asten and Henstridge, 1984; Louie, 2001; Cho et al., 2004 Cho et al., , 2006a Chávez-García and Luzón, 2005; Tsuno and Kudo, 2005; Chávez-García et al., 2005 , 2006 Chávez-García and Rodríguez, 2007; Tada et al., 2007] .
[3] The frequency-wave number spectral (FK) method [Capon, 1969] and the spatial autocorrelation (SPAC) method [Aki, 1957] are the two array methods of microtremor exploration that are popularly used to infer phase velocities of surface waves. The SPAC method, which is the subject of the present study, relies on the use of specially designed seismic arrays, with a number of sensors installed around a circle plus another at its center (Figure 1) . Empirical knowledge suggests that the SPAC method remains valid over a relatively broad range of wavelengths with a smaller number of seismic sensors than the FK method. It is said to be valid over wavelengths that range roughly from twice to 10 -15 times the array radius [e.g., Henstridge, 1979; Kudo et al., 2002; Chávez-García et al., 2005; Okada, 2006] , but there have been reports on the successful use of even shorter wavelengths [e.g., Aki, 1957; Ferrazzini et al., 1991; Chouet et al., 1998; Saccorotti et al., 2003; Roberts and Asten, 2004, 2005; Asten, 2006] .
[4] Slight deviations from the circular and equidistant seismic-array configuration tend to pose few serious obstacles to the use of the SPAC method. Attempts have been made, in recent years, to make use of seismic arrays of irregular shapes [e.g., Bettig et al., 2001; Ohori et al., 2002; Maresca et al., 2006; Shiraishi et al., 2006; Köhler et al., 2007] . The most extreme case is that of an array of just two
